Peripheral intravenous and intra-arterial catheters often block with movement of the limb in which they are inserted. Although the cause of this blockage is commonly attributed to a valve or other structure within the vein, evidence for this is lacking. We used ultrasound to assess the cause of blockage on movement, and degree of tip movement, of 62 venous and 21 radial arterial catheters. In both venous and arterial catheters, blockage was predominantly caused by impingement of the catheter on the vessel wall, with catheter kinking and spasm of the vessel also seen. Mean potential tip movement was 12.3 mm and 5.7 mm in hand and forearm venous catheters respectively and 9.5 mm in radial artery catheters. There was a significantly lower rate of blockage for forearm (20%) compared to dorsal hand venous catheters (83%, P <0.001) and 52% of radial artery catheters showed damping and blockage on wrist flexion. This study emphasises the advantages of placement of venous catheters in the straight veins of the forearm.
Introduction
A peripheral venous or arterial catheter that is blocked, particularly with movement of a patient's limb, is a frequent problem in the operating room and ward. Further manipulations of the catheter and dressings may lead to accidental removal or permanent failure. It is commonplace to hear speculations such as "the catheter has hit a valve", implying that the catheter is lying against a membranous structure within the lumen itself. The clinical consequences of blocked catheters include failure of treatment, particularly when time-critical drugs are used. Other consequences, such as delayed therapy and recurrent pump alarms, increase nursing costs and disturb patients; loss of accuracy of the arterial catheter pressure signal may lead to incorrect treatments.
There is no published information regarding the mechanism of this blockage, and no systematic investigations using ultrasound to image catheters in situ, to describe the position of the catheter within the vein and investigate causes of early blockage. Our clinical observations using ultrasound have suggested that catheters may become blocked due to pushing the end of the catheter into the vessel wall at an outpouching, a branching or an area of spasm. Catheters may also become kinked. In this observational study we aimed to use ultrasound to describe the intravascular location and characteristics of peripheral vascular catheters. We also aimed to identify the causative factors for early catheter malfunction.
Methods and materials
This prospective observational study was approved by the Human Research Ethics Committee of Northeast Health Wangaratta (Project Number 148) and conducted in accordance with the Australian National Statement on Ethical Conduct in Research Involving Humans. Seventytwo adult patients presenting for elective and emergency surgery at Northeast Health Wangaratta were recruited on the day of their surgery. Written consent was obtained from all participants; exclusion criteria included inability to give informed consent, patient refusal, age <18 years, and pregnancy.
This study was conducted after the routine insertion of an intravenous and/or arterial catheter in the upper limb by the treating anaesthetic team. Optiva® (Smiths Medical, Rossendale, Lancashire, UK) and Introcan Safety® (B. Braun, Melsungen, Germany) catheters of 22 to 16 gauge were used according to the choice of the treating team. The catheter was dressed with a transparent dressing, as per the usual hospital practice, and the insertion site and functioning of the catheter during wrist and elbow movement was recorded. Blockage of the catheter was defined as the cessation of free flow of fluid from the intravenous infusion set or the damping of the transduced pressure in the case of an arterial catheter.
Two ultrasound systems were used, firstly a Sonosite Edge with an HFL 38x 13-6 MHz linear transducer and also a GE Healthcare LOGIQ e with an i12L-RS 4-10 MHz hockey stick probe. Study authors performed the ultrasound assessments. The ultrasound probes were cleaned as for non-critical use with detergent, a clean ultrasound probe cover was used and ultrasound gel was excluded from the insertion site by the catheter dressing. Ultrasound images and clips were initially obtained in the transverse and longitudinal views at rest. These images of the catheter were used to determine the initial position of the catheter tip in the vessel with respect to the wall and the anatomy of the veins at the insertion site. Further images were taken during flexion/extension of the wrist and elbow as appropriate for the site to determine the mechanism of any blockage of the catheter. The catheter was then imaged in the long axis with maximal dorsiflexion of the wrist (for catheters in the dorsum of the hand), palmar flexion of the wrist (for radial arterial catheters), or flexion of the elbow (for forearm and cubital fossa catheters) ( Figures  1 and 2) . The cursor was then placed on the ultrasound screen at the position of the catheter tip and the wrist or elbow slowly straightened, maintaining the position of the transducer on the skin proximally. The distance through which the catheter tip was moved in the ultrasound image during this manoeuvre was recorded. In some instances particularly in the cubital fossa it was not possible to image the catheter and secure the probe reliably during this manoeuvre, so these measurements were omitted. Yates chisquare statistical testing was performed post hoc comparing the rates of catheter blockage between the hand and forearm, and the cubital fossa and forearm.
Results
Sixty-two peripheral intravenous catheters and 21 peripheral arterial catheters were assessed. It was possible in all cases to make an assessment of the position of the tip within the vessel lumen and to determine the mechanism of blockage on movement (Tables 1 and 2) . Apart from catheter kinking, which was always at the catheter hub, there were very few changes seen in the shape of the catheters to conform to the vein. Of the catheters that blocked on movement by obstructing on the vein wall, in 51% the cause was the relatively stiff catheter pushing into the deep wall; in 35% the catheter pushed laterally into a bend in the vein, in 8% the catheter was pushed into a varix, and in 5% of cases pushing into a tributary branching point caused blockage (Figure 3 ). Of the catheters inserted in the forearm, 11 (73%) of the 15 catheters were placed in a vein that was straight without branching near the catheter tip. In those placed in the hand, only eight (20%) of the 41 catheters were located in a straight vein, and in the cubital fossa, only one (17%) of the six catheters. Vessel spasm, manifest as an abrupt diminution of lumen size, was seen in many subjects in the area into which the catheter was inserted, although usually the impingement itself was the cause of obstruction. Catheters in veins of the forearm were significantly less likely to become blocked on movement than those in the hand (P <0.001).
Discussion
This study shows that the most common cause of catheter obstruction, both venous and arterial, is the catheter pushing into, and the tip blocking on the wall of, the vessel ( Figure  3 ). We found no instance of catheters blocking on valves or other structures inside the vein lumen on our imaging. Catheter kinking was also found to cause malfunction, the rate of this may be higher in the cubital fossa; however, our numbers were too small to analyse further. We have also shown that at rest, the tips of most catheters sit within the vessel already in contact with the wall, even in large veins such as in the cubital fossa.
The veins of the hand and cubital fossa have been recognised by previous investigators as being sites that are more prone to longer term failure 1 and we found that 95% of the catheters in the hand blocked on dorsiflexion of the wrist. These catheters also moved an average of 12.5 mm on dorsiflexion. This movement pushes on the wall of the vein 
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Results presented as percentage (number) except as indicated. SD, standard deviation. Figure  1 , the catheter pushes into the deep wall of the vein across a joint. B: As in Figure 2 , the catheter pushes into the vessel wall at a bend. C: The catheter pushes into a junction. D: The catheter pushes into a varix. and we propose that it, combined with the fluid pressure from the infusate, may contribute to eventual rupture of the vein and extravasation.
In this investigation we saw many situations, particularly in the hand and cubital fossa, where the tip of the catheter was sitting in a small outpouching or varicosity of the vein, often associated with a branch vessel coming in. Most practitioners insert a catheter where the vessel is straight, but many vessels do not remain straight for more than a few centimetres. The tip is therefore often at a branching or bending of the vessel where the wall is more perpendicular to the catheter and more likely to block with a slight movement. The veins in the forearm were less branched and straighter at the catheter tip. Combined with less displacement on movement, this likely contributed to the lower rate of positional blockage. We also saw cases where the catheter moving inside the vessel blocked transiently before moving further proximally to a position where the tip was free.
Similar situations were seen with arterial catheters, with the predominant cause of blockage being pushing and blocking of the catheter tip into the arterial wall. Most arterial catheter tips were already directly positioned against the wall before wrist flexion, sometimes requiring only a small movement to block. The radial artery was also sometimes imaged curving or even corkscrewing inside the forearm. This curve of the artery directs the tip into heavier contact with the wall. As with the venous catheters, the arterial catheter tip also caught in small branches leading to blockage.
Repeated contact of the tip with the catheter wall may cause an inflammatory reaction due to trauma and there are unknown contributions to stress on the wall by the fluid pressure of the infusate and direct erosion by the catheter. The possible contribution of vessel wall changes near the catheter tip to blockage was unable to be determined by this study. All the catheters imaged, largely maintained their shape during movements, that is they pushed firmly into the wall rather than conforming to the vessel shape. Softer catheters may conform better to the vessel shape and impinge less on the wall, although this may be offset by greater kinking.
The sample size of our study has limited any statistical consideration related to the mechanism of blockage for catheters in the cubital fossa. We did not investigate any relationship between early positional blockage of the catheter with later failure, either by extravasation of the infusate or permanent blockage. The assessment by dynamic ultrasound scanning is subjective and operator dependent; however, we believe our choice of relatively simple endpoints minimised the subjectivity of the assessment. The statistical testing performed was not predetermined in the study planning and the result should not be considered definitive. In addition, the testing of catheter movement was performed with maximum movement of the joints and would be different if the limb was immobilised. Multiple simultaneous comparisons were performed and this should be considered when interpreting P values.
Despite these limitations, the findings of this study emphasise the advantages of placement of venous catheters in the straight veins of the forearm.
